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Abstract
Purpose: To investigate the effect of inhalation radon gas (Rn) on the biomechanical properties of red blood cell of rats.
Methods: 20 young healthy adult male albino rats were divided into equally 4 groups. The first group (0) served as control
group, while the other three groups (I, II and III) were exposed to Rn gas inside a chamber for 3, 5 and 7 weeks. The
biomechanical properties of red blood cell of rats was performed by determine the rheological properties of blood and the
osmotic fragility of red blood cells (RBCs). Results: The Rn doses received by every group of rats were found to 34.84, 58.07 and
81.30 mSv for 3, 5 and 7 weeks respectively (based on 12 exposure hours per week). The obtained results indicate that the
viscosity, consistency index, yield stress and aggregation index increase with Rn doses. The osmotic fragility curves of irradiated
groups shift toward lower values of NaCl concentration. The dispersion of hemolysis (S) increased, at the same time an average
osmotic fragility (H50%) decreased. Conclusion: The results indicates that the exposure to radon alters the mechanical properties
of red blood cells membrane (permeability and elasticity) reflecting a change in its physiological properties. This mean that low
levels of Rn gas are harmful to biological systems and the degree of damage was dose-dependent.
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Introduction
The exposures to ionizing radiations are producing harmful
effects in the living organisms. Radon is the most important
of all sources of natural radiation; about half radiation dose
received by people being due to inhalation and ingestion of
the Rn gas and its decay products.1 Rn is originates from
uranium deposited within the earth’s crust. It can escape into
the atmosphere through the fractures and openings in rocks.
The emitted Rn gas is accumulated in air or dissolved in the
groundwater.
Rn daughter can be deposited in the lungs through
inhalation and they cause hazard effects. Rn and its
daughters comprise complex radiation source emitting α, β-
particles and γ-rays. The majority of the energy deposited in
biological systems is derived from the α-particles
component.2, 3 Exposure to high concentrations of Rn and its
daughters for long period leads to pathological effects such as
lung cancer, leukemia, and kidney diseases. The indoor Rn
has been determined to be the second leading cause of lung
cancer after tobacco smoking.4 According to environmental
protection agency (EPA) in 2003, Rn is estimated to cause
about 21,000 lung cancer deaths per year in USA.5 However,
the health effects arising from exposure to low-level Rn
remain unclear.6 Also, the risks of Rn to organs, other than
lung, are less well established.7 For such reasons, the present
study aims to study the biological effects of Rn inhalation at
low doses on body, especially the blood that plays an
important role in human health.
Over the years, a large number of methods have been
developed to measure Rn concentration. Of these methods,
polyallyl-diglycol carbonate (CR-39) track detector is a
standard tool for measuring Rn concentration.8 Also, it is
easy to be handled and inserted in the inhalation chamber
without causing any leakage. The dose equivalent of inhaled
Rn and its daughters can be estimated if the Rn
concentration in air is known as well as their equilibrium
factor and the dose conversion factors.
Methods and Materials
Rats exposure to radon gas
In this work 20 young healthy adult male albino rats with
average weight 150 ± 10 gm were used. The animals were
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divided into equally 4 groups. The first group (0) served as
control group, while the other three groups (I, II and III)
were exposed to Rn gas inside the chamber over 3, 5 and 7
weeks (based on 3 hours/day and 4 days/week). Figure 1 is
shown the image of Rn chamber. For Rn dose measurements,
eight CR-39 detectors were introduced in the Rn chamber
with the animals for groups I, ΙΙ and III. Can and bare
method was used to determine the equilibrium factor Feq
between radon and its daughters.9 It is defined as the ratio of
the equilibrium equivalent concentration of radon over the
actual activity concentration of radon in air. This factor was
introduced to simulate the situation of disequilibrium. Two
CR-39 detectors are exposing in diffusion chamber cup. One
detector placed inside the chamber at its bottom that
possesses a filter that only allows Rn gas to enter. The other
was fixed outside the cup of the chamber therefore it is in
contact with both the gas and its short progeny from the air.
Directly after each exposure period, the animals was slightly
anaesthetizes with ether and the blood samples were
collected using heparinized syringe.
FIG. 1: Radon chamber.
Radon doses measurement
After exposures of the CR-39 detector sheets to Rn gas, alpha
particles leaves a narrow trail of damage along its path is
called latent track. The CR-39 detector sheets were collected
and chemically etched to become easily seen the tracks
under an optical microscope.10 The Rn concentration Co
(Bq/m3) inside the chamber for CR-39 exposure time, t (days)
can be obtaining by measuring the track density of the used
filtered detector Do (T/cm2) as following equation.11,12
Co= Do 0.215 t⁄ (1)
The problem of determining the Radon’s equilibrium factor,
Feq, in terms of the track density ratio of opened D and
filtered Do detector was solved by Planinic and Faj 13
Feq=0.125 e0.772(D D0⁄ ) – 0.271 (2)
The dose in term of working level month (WLM) was
defined as 14
WLM = WL t170 =
Feq Co
3700
t
170 (3)
where, WL is the number of working level, t is the exposure
time (hour) which assumed that the exposure of 1 WL for
170 h produce 1 WLM. WLM was converted into absorbed
dose in mSv according to Nikezic et al.15
WLM=14.2 mSv (4)
Determination of the rheological properties of blood
In this study, the rheological properties of blood were
determined by using Brookfield DV-Ш Programmable
Rheometer. The principle operation is to drive a spindle
(which is immersed in the test fluid) through a calibrated
spring. The viscous drag of the fluid against the spindle is
measured by the spring deflection. Spring deflection is
measured with a rotary transducer. The measuring range is
determined by the rotational speed of the spindle, the size
and shape of the spindle, the container the spindle is rotating
in, and the full scale torque of the calibrated spring.
According to principle of the cone-plate rheometer, rotation
of a flat cone upon a plane surface (the plate) at different
selected speeds of rotation (different shear rates) is take
place. A small blood sample placed between the cone and the
plate offers a resistance to the rotation of the cone and
develops a torque determined by the shear stress in the blood
(see Figure 2). Knowing the geometrical constants of the
cone, and observing the rate of rotation and the torque can
be separately calculated the shear stress (F) and shear rate (S)
in the sample as follows 16:
F= 3M R3⁄ S= ω β⁄ (5)
Where, M is the experimentally measured torque, Ω is the
angular velocity and β is the cone-pate angle.
By changing the number of revolutions per minute and
thereby the rate of shear, a series of  shear stress can be
obtained, and by plotting these values against one another
the rheological characteristics of the blood can then be
defined directly in terms of a shear stress-shear rate diagram.
Osmotic fragility
Osmotic fragility of RBCs was determined by the method
described by Dacie and Lewis.17
Statistical analysis
The mean and standard error were calculated for each group.
Significantly difference from the control group was done
using unpaired Student's t-test. The results t-test value is
then checked on the standard t- table to find the significance
level (P-value).
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FIG. 2: Schematic diagram of a cone-plate viscometer.
Results and Discussion
Radon doses measurements
The results show that, the mean value of the Rn
concentration is found to be 75.00 ± 2.32k Bq/m3. The
fluctuation in the Rn concentration is due to some small
leakage of Rn during the insertion of the animal cage inside
the chamber. For this reason the chamber is sealed for 3 days
without exposure to compensate this leakage. The animals
were exposed to a dose equal to 0.82 WLM per one week
which is equivalent to an absorbed dose of 11.614 mSv. This
means that Rn doses received by every group of rats were
found to be 2.45, 4.09 and 5.72 WLM for 3, 5 and 7 weeks
respectively (based on 12 exposure hours per week). The
detailed of Rn measurements are listed in Tables 1 and 2.
Rheological properties of blood
Blood flow curve (viscosity against shear rate) shows that the
blood viscosity decrease as shear rate increase. It is
characterized by two regions:
1. Low shear rate region (shear rate up to 100 s-1): in
this region the shear rate diagram shows a convex
curvature with respect to the shear rate axis which
appears as a reduction in the viscosity as the shear
rate increases. This region can be characterized by
the consistency index (m) and flow index (n),
which can be calculated by the power fit of this
range of the flow curve.
F = m Sn (6)
2. The higher shear region (above 100 s-1): at which
no further reduction in viscosity occurs. This
region can be characterized by the apparent
viscosity (η) and yield stress (Fo) which can be
provided from the linear fit of the flow curve,
applying Casson model.√F= Fo+ η S (7)
Since the blood viscosity at low shear is greatly affected by
the erythrocytes aggregation index which is defined as the
ratio of viscosities at shear rate of 20 and 100 s-1 18.
Aggregation index= ηat 20 s-1ηat 100 s-1
(8)
TABLE 1: The detail of Feq and WL measurements.
Time
(days)
D
(T/cm2)
D0
(T/cm2)
C0
(kBq/m3) Feq WL
0.5 21780.606 8742.168 81.322 0.584 12.847
1.0 36864.548 15972.173 74.289 0.471 9.468
1.5 59784.757 22122.453 68.596 0.735 13.642
2.0 85852.819 34624.624 80.522 0.576 12.550
2.5 91136.415 37410.595 69.601 0.548 10.322
3.0 105913.620 49075.237 76.085 0.390 8.029
3.5 140254.332 59884.256 79.580 0.491 10.568
4.0 168094.309 60232.361 70.037 0.806 15.274
Mean values
± S.E
75.004
± 2.317
0.575
± 0.061
11.587
± 1.072
TABLE 2: The specification of the absorbed doses received by
different rats groups.
Group PeriodsWeeks WLM
Absorbed
Doses(mSv)
Ι 3 2.453 34.84
ΙΙ 5 4.090 58.07
ΙΙΙ 7 5.724 81.30
Blood flow curves for control and irradiated groups are
shown in Figure 3. The blood viscosity increases with the
irradiation dose. Figures 4 and 5 represent the power and
Casson fitting, respectively for the shear rate - shear stress
curves for the control and irradiated groups. The obtained
results indicate that the viscosity, consistency index, yield
stress and aggregation index increase with Rn doses as in
Table 3.
FIG. 3: Blood flow curves for control and irradiated groups.
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FIG. 4: The power fitting (F = m Sn) for the shear rate-shear stress
curves for the control and irradiated groups. FIG. 5: The Cassion fitting (√F= Fo+ η S) for the shear rate-shear
stress curves for control and irradiated groups
TABLE 3: Viscosity parameters for control and irradiated groups.
Dose (mSv)/Parameters Control group 34.84 58.07 81.30
Viscosity η (cp) 3.241 ± 0.141 3.362 ± 0.173 3.668 ± 0.105 * 3.831 ± 0.071 **
Flow index  N 0.805 ± 0.013 0.786 ± 0.016 0.753 ± 0.014 * 0.742 ± 0.018 *
Yield stress Fo (D/cm2) 0.224 ± 0.013 0.298 ± 0.01 ** 0.403 ± 0.021 *** 0.410 ± 0.012 ***
Consistency index m (cp) 13.448 ± 0.905 16.260 ± 1.260 20.100 ± 2.104 * 22.506 ± 1.987 **
Aggregation index 1.441 ± 0.020 1.452 ± 0.029 1.588 ± 0.045 * 1.631 ± 0.026 ***
Data are means ± S.E of 5 rats. Significant difference from control at P < 0.05*, 0.01**, 0.001***
Change % as compared to control value.
TABLE 4: The average osmotic fragility (H50%), dispersion index (S) and the width (W), peak (P), center (Cmax) of the Gaussian distribution
curves of the rate of hemolysis for control and irradiated groups.
Dose (mSv)/Parameters Control group 34.84 58.07 81.30
Average osmotic fragility (H50%) 45.548 ± 0.337 42.868 ± 0.577 ** 39.964 ± 0.905 *** 38.883 ± 0.962 ***
Dispersion index (S) 17.347 ± 1.036 18.644 ± 1.856 32.237 ± 4.790 * 33.274 ± 2.543 ***
Peak (P) 68.776 ± 2.452 75.502 ± 2.819 60.799 ± 3.981 58.644 ± 3.594*
Center (Cmax) 45.423 ± 0.339 42.572 ± 0.949 * 41.877 ± 0.429 *** 39.721 ± 0.797 ***
Width  (W) 8.296 ± 0.261 8.593 ± 0.479 8.844 ± 0.664 10.972 ± 0.755 *
Data are means ± S.E of 5 rats. Significant difference from control at P < 0.05*, 0.01**, 0.001***
Change % as compared to control value.
It is generally accepted that at constant hematocrit and
temperature, low shear blood viscosity is primarily
determined by erythrocytes aggregation, while high shear
viscosity depend on erythrocytes deformability.19 Previous
report 20 has been shown that several alterations of
hemorheological properties may take place as a result of free
radicals generated during exposure to radiation, such as lipid
peroxidation. For instance, lipid peroxidation result of
formation of cross-linkages between red cells or protein
molecules and lead to increase of cells aggregation. Radiation
oxidative stress causes denaturation and precipitation of
hemoglobin. These precipitations reduce the deformability
of red cells by attached to the inner surface of the cell
membrane. Direct radiation attacks on cell membrane leads
to increase in the rigidity of the lipid bilayer and aggregation
of membrane proteins.21 The formation of aggregates (clot) in
blood films are observed with Rn inhalation in our previous
work.22 The increase in blood viscosity may result in tissue
damage by slowing the circulation of blood, and thus
reducing the supply of oxygen and nutrient to the tissue
cells.
The osmotic fragility of the membrane
It is clear from the Figure 6 that, the characteristic osmotic
fragility curves of irradiated groups shift to the left of the
control curve. The dispersion of hemolysis (S) increased, at
the same time an average osmotic fragility (H50%) decreased
as show in Table 4.
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FIG. 6: Osmotic fragility curves for control and irradiated groups.
FIG. 7: The rate of hemolysis versus NaCl concentration for control
and irradiated groups.
The increase in the dispersion of hemolysis reflects the
radiation-induced irregularity in the erythrocytes membrane
as a consequence of alteration in cell permeability, resulting
from the radiation-induced irregularity in the erythrocytes
membrane. The results obtained from the Figure 7 of the
Gaussian distribution curve of the rate of hemolysis indicate
decrease in the maximum rate of hemolysis (P) with
concomitant shift of the peak center (Cmax) toward lower
values on NaCl concentration for the irradiated groups. The
increase in the width of Gaussian distribution curve for
group III indicates increase of cellular membrane elasticity.
Manal 23 obtained the same result in mice after exposed to
Rn gas.
The net result of interaction of alpha particles with the
biological macromolecules is formed highly energetic active
species. These active sites may interact with the adjacent
macromolecules causing change in the free motion degree of
the hydrocarbons chain and/or the whole phospholipids bi-
layer macromolecules. Also, unexpected abnormal cross links
can be formed between the broken hydrocarbon bonds.21 All
these possible interactions may be the reason for the changes
that occurred in the mechanical properties of cellular
membrane.
The change of permeability alters the physiological functions
of the RBCs and so disturbs the body functions. In the same
time, the increase of RBCs cellular membrane elasticity
increases the difficulty of the breaking the old RBCs so that,
the life span of the functionless cells is increase.
Conclusion
From our results, it may be concluded the biological
membranes were very sensitive to alpha particles emitted
from Rn gas.  Alpha particles changed the mechanical
properties of RBCs membrane (permeability and elasticity).
This means the low doses of Rn gas are harmful to biological
systems and the degree of damage was dose-dependent.
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